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MALARIA INVESTIGATIONS
at the Emory University Field Station

Investigations at the Fmory University
Field Station are a cooperative endeavor
of Emory University, the Georgia Depart-
ment of Public Health, the U. S. Geological
Survey and the U. S. Public Health Ser-
vice. This program is unique in that an
attempt is made to deal intensively with
practically every phase of naturally oc-
curring malaria. In consideration of the
implications of this work in the overall
malaria picture and of the future activi-
ties related to the Extended Malaria Con-
trol Program, it seems advisable to pre-
sent briefly an illustrated account of the
program for the informationof Malaria Con-
trol in War Areas personnel.

The Emory University Field Station for
malaria research was established in Baker
County near Newton, Georgia in 1939. The
primary objective of this undertaking is
to study the natural occurrence of malaria
for the purpose of accumulating data on
the natural history of the disease. Need
for comprehensive information on the rela-
tion of natural phenomena and biology of
the insect vectors to malaria morbidity
has been felt by malariologists for a long

time. But little attention has been given
to these problems, investigations of ma-
laria usually being confined to the la-
boratory or clinical phases and conducted
in places removed from the field. Field
information on malariology has been ob-
tained only from periodic Surveys or frag-
mentary data assembled from various places
at different times. The Emory Field Sta-
tion was intended to partially satisfy the
need for continuous data and for facilities
to investigate malaria problems which
could not be handled under laboratory or
clinical conditions.

TYPES OF INVESTIGATIONS

Information on the natural history of
disease is mich more significant in mala-
ria than in other maladies. Malaria is a
disease of place, in most cases being re-
gionally or locally confined to areas of
specific physiography. In the southeastern
United States most malaria occurs in the
Atlantic and Gul f Coastal Plains area which
is characterized by solution topography
(See Boyd & Ponton, 1933). The area of
Field Station operation is within this



region, and has always had a conparatively
high malaria rate. No malaria control
activities have ever been conducted in the
area, so conditions are undisturbed in
this respect. In 1939 a program was out-
lined to measure systematically the occur-
rence of malaria and as many attendant
biological and physical factors as possi-
ble in the same area. It was recognized
that it would be impossible to make accu-
rate measurements intensively over a
large area without an unreasonably large
staff. Consequently, widespread, usually
qualitative measurements are made over
a fairly large area and precise inten-
sive measurements are made in a much
smaller area. The latter section is desig-
nated as the "Experimental Area." Obser-
vations in the small area serve as a check
on those conducted in the larger one; com-
parison of data collected in the two areas
indicates the degree of precision necessa-
ry to furnish the desired information on a
larger scale and gives an indication of
the practicability of application of the
methods used. Thus observations in the
two areas are supplementary.

Basic observations are of three general
types:

1. Those pertaining to the measurement
of malaria in man.

2. Those concerned with determination
of Anopheles density, both larval and adult.

3. The measurement of hydrological and
meteorological factors related to the oc-
currence of malaria.

Collecting Meteorological Data

MEASUREMENT OF MALARIA IN MAN

Morbidity data on malaria, as usually
obtained from clinical records or by se-
lective surveys, are notoriously inaccurate,
even within the limits of accuracy of diag-
nostic methods. It is not known to what
extent school or other surveys reflect the
actual malaria morbidity of a community.
The unreliability of blood examination in
detecting subacute malaria is well recog-
nized. Spleen examinations are limited to
children and the relationship of such ex-
aminations to current malaria morbidity
has not been clearly established.

in the Field Station area morbidity da-
ta are collected by a variety of methods.
School blood surveys as usually employed
on malaria programs are conducted through-
out the area. In the Experimental Area
these surveys are supplemented by more
comprenensive studies. A group of over
1,000 persons is visited at weekly or bi-
weekly intervals, depending upon the amount
of malaria occurring, and a careful clini-
cal history is taken on each individual.
Any possible symptoms of malaria are indi-
cated on a symptom check sheet. Upon the
manifestation of any malaria symptom thick
and thin blood films are collected.

Persons are not encoursaged to take anti-
malarial drugs because of the danger of ob-
scurring the laboratory diagnosis. A com-
plete, reffective treatment is promised if
the blood smear is positive. By following
this procedure, information is obtained on
the amount of malaria which occurs in the
whole population, not just in selected age
groups. An indication of the relation of
malaria symptoms to positive blood films
is also obtained. If several cases occur
in proximity to each other a survey of all
persons in that immediate vicinity is made
to detect subclinical or newly developing
cases.

With these techniques it is possible to
know fairly accurately the amount of mala-
ria which is actually occurring and even
that which people believe they have. After
long experience in apprehending malaria
the nurses who take the clinical histories
have become very proficient at recognizing
malaria symptoms. This record of symptoms
is valuable in obtaining an indication of
alleged clinical malaria which is not con-
firmed by laboratory diagnosis.
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Patients Awaiting Treatment at Clinic
GENERAL PUBLIC HEALTH WORK

In order to obtain complete cooperation
of the persons in the area, a nominal
amount of general public health work is
done. In this way an additional entree
is provided to the homes, a confidence
is placed in the nurses since they
are able to supply other services not re-
lated to malaria, and the inhabitants are
much more willing to permit collection of
frequent blood smears than if these ser-
vices were not provided. In addition,
valuable data are collected on various
diseases of public health significance,
including hookworm, typhus, tuberculosis,
and febrile diseases of unknown etiology.

By keeping in close touch with the in-
habitants, it is possible to apprehend ma-
laria as soon as it occurs. Thus a fairly
accurate indication of the malaria picture

Physician Conducts Healfh Clinic

Nurses Perform Laboratory Tests

is obtained and a comparison ismade of the
various methods of determining malaria
rates.

In addition to routine morbidity meas-
urements, an area is under observation
where prophylactic drug control programs
have been conducted for several years. A
comparison of malaria morbidity rates in
this area and adjacent areas will be made
in the event that malaria morbidity in-
creases.

At the present time, malaria is at an
extremely low ebb in all areas under Field
Station observation, as well as elsewhere.
In the Experimental Area, however, malaria
has disappeared almost completely while
under close observation, andin the absence
of any control measures. In view of the
spontaneous recession of the disease, it
is not unreasonable to look for an equally
vspectacular return.

A constant effort is made to improve
methods of malaria detection and to
collect blood films at times when they are
most likely to show malaria parasites.
The need of more accurate methods for
diagnosing malaria is acute. Until such
methods are available, it is believed that
precise studies of malaria symptoms sup-
plemented by blood exsaminations offer the
best possibility of reliable information.
It is recognized that the correlation be-
tween positive blood and clinical malaria
is very low when the occurrence of the
disease is low. This is especially true
in benign cases and in populations long
subjected to repeated malaria infections.
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DETERMINATION OF ANOPHELES DENSITIES

The solution of many very important

-problems in malaria depends upon the de-

termination of actual mosquito densities.
Unfortunately, efforts to make precise
measurements of mosquito densities have
been only partially successful. Ordinary
qualitative measurements are useful only
in obtaining information on distribution.
Repeated observations of natural resting
places under the same circumstances pro-
vide a reasonably reliable means of rough-
ly determining gross changes in population
density. In the Field Station area
attempts are being made to determine Anophe-
les populations, including the actual num-
ber of mosquitoes which can effect malaria
transmission under optimum conditions.

Adult Densities

Recogni zed methods of repeatedly samp-
ling Anopheles populations in resting
places have been employed on a fairly wide
scale. In the Experimental Area standard
size artificial resting places have been
employed to eliminate some of the varia-
tions encountered in the use of natural
resting places, thereby increasing compara-
bility of the various stations.

The device usually employed as a diurnal
resting place is a one foot cube wooden
box, with one open side, painted red. Ex-
tensive observations with larger resting
devices indicated that these did not at-
tract significantly larger numbers of Ano-

Collecting froﬁ Artificial Resting Place

pheles and were much more difficult to
handle. Collections from diurnal resting
places are intended to supply information
on variations indensity or are for strict-
ly qualitative measurements. In either
case presence of hugh numbers of Anopheles
serves no useful purpose; consequently at-
tempts were not made to develop resting
devices which would attract excessively
large numbers of individuals.
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Matural Resting Place in Hollow Tree

The maximum number of specimens of
Anopheles quadrimaculatus taken from the
foot cube box at a single collection is
well over a thousand. This is not an iso-
lated experience but has been repeated
many times. Such numbers are large enough
to permit reliable statistical treatment
and are not so large that maximum upswings
in population cannot be adequately sampled
If significant samples of populations can-
not be obtained by employing a device of
this size, in a proper location, experience
has shown that the population density is
unmeasurably low. An artificial resting
device does not usually compete quantita-
tively with intrinsically attractive
natural resting places. Hence, attractive
natural resting places are more useful in
obtaining large numbers of wild caught
mosquitoes for experimental work.



By employing the standard size resting
device, some indication of variations and
comparative abundance of Anopheles popula-
tions is obtained. Measurement of absolute
density as related to area is much more
difficult. Critical field tests are under
way to investigate the usefulness and
practicability of staining and recapture
techniques in evaluating Anopheles popula-
tion densities. Large numbers of adult
"quads" are collected and stained and sub-
sequently released. After the stained in-
dividuals have had time to become thorough-
ly mingled with the population in that
1rea, large numbers of specimens are col-
lected and examined for evidence of stain.
Provided the population was homogeneous
with regard to stained and unstained indi-
viduals when the recaptures were made, the
sample originally stained will bear the
same relationship to the total population
as the stained specimens recovered bear to
the sample originally stained. Thus, it
is possible to determine actual density of
Anopheles quadrimaculatus in an area.

Precise measurements of "quad" densities
provide an intermediate factor for corre-
lating other types of data collected on
the program. It is hoped that continued
accumulation of data will provide some
means of determining a quantitative rela-
tionship between malaria morbidity and
"quad"” densities; and that the individual
and cumulative effect of hydrological and
meteorological phenomena on "quad" popula-
tions can be determined.

The correlation of precise data on
Anopheles adult densities with other fac-
tors involved in the measurement of mala-
ria is not contemplated immediately, but
many significant facts concerning the
execution of Anopheles adult surveys have
become evident. For example, by daily
collections.over a long period from arti-
ficial and natural resting places, the
significance of periodic examinations in
this area has been determined. Indications
are that the prediction of seasonal trends
on the basis of weekly inspections may be
extremely hazardous. An opportunity was
afforded to evaluate the comparative effi-
ciency of light traps, animal bait traps,
artificial resting places and natural rest-

ing places. As was indicated, natural
resting places are preferred for qualita-
tive studies, and for obtaining large num-
bers of specimens. Light traps collect
appreciable numbers of "quads" when locat-
ed near breeding places but do not com-
pare favorably with natural or artificial
resting places in the area. Animal bhait
traps are not at all useful under our con-
ditions. In connection with the work on
staining, interesting incidental informa-
tion is obtained on flight range and long-
evity.

Winter Collecting of Quads by Fumigation

Winter Habits

Another problem currently under invest-
igation is concerned with the winter hab-
its of A. quadrimaculatus in this region.
An effort has been made to seek out the
winter resting places and collect as many
"quads" as possible by fumigation. Fxami-
nation is made of the condition of feeding
of fat accumulation, and of ovarian devel-
opment. Specific data have not been avail-
able heretofore to confirm the impression
that thereisno true hibernation of Anoph-
eles quadrimaculatus in the southern por-
tion of its range nor is any detailed ac-
count available on winter activities. The
observations recently conducted tend to
confirm the impression that "quads" do not
hibernate and also give an interesting
insight into the activity of A. gquadrima-
culatus during the winter months.



Larval Densities

Precise measurements of larval densities
are equally as difficult as adult measure-
ments. Quantitative observations are made
in the Experimental Area to supplement the
qualitative information obtained from
wide-spread observations. Various stan-
dard size measuring devices have been em-
ployed which relate the number of larvae
collected to the area of water surface ex-
amined. Such methods are not applicable
in all situations.
of one meter quadrats have been more suc-
cessful. The quadrats are permanently
staked out in the aquatic situation. Enough
quadrats are established to give repre-
sentative coverage of the entire area.
Adequacy of coverage may be calculated
on the basis of cumulative number of
plant species encountered. When the
cumulative total remains constant for
several quadrats an adequate number of
quadrats has been located. The individual
quadrats are evaluated botanically with
regard to species and cover. Since the
quadrats established are representative of
the entire situation, and the relative
species abundance and cover has been de-
termined in the various quadrats, the rela-
tive abundance and cover for the entire
area may be calculated.

When inspections are made, all Anopheles
larvae are collected from each quadrat.
Assuming a relation between plant types,
plant cover and larval density, an es-
timation of the total larval population
can be made.

Attempts are made to relate larval
production to persistence of ponds, pond
levels, and volumes which are determined
in the course of hydrological observations.

In addition to density measurements,
related investigations are conducted on
various problems in Anopheles biology.
Particular attention has been given to in-
vestigating the problem of non-occurrence
of "quad" larvae in situations which are
apparently suitable for their development.
An insectary has been maintained to con-
duct experiments under controlled condi-
tions and to provide adequate material for
types of work requiring large numbers of
mosquitoes.

Repeated examinations

Quantitative Larval Collection in Quadrats
Oviposition Studies

Oviposition preference studies have
been done under experimental conditions
in small cages in an effort to deter-
mine the preference of ovipositing fe-
males for various media. Waters of vary-
ing hardness, of different turbidity, of
varying salinity, of different chemical
content, of different pH, etc., were used.
The only preference observed was for water
in light containers versus water in dark
containers.

jdentifying Larvae in the Laboratory



MEASUREMENT OF HYDROLOGICAL AND
METEOROLOGICAL FACTORS

Hydrological measurements are designed
primarily to determine the factors respons-
ible for the existence of Anopheles pro-
ducing ponds at the time when they will be
important breeding places of malaria vec-
tors. It is well established that no sin-
gle factor, such as rainfall or tempera-
ture, alone determines satisfactory condi-
tions for Anopheles breeding. It is more
likely a time and intensity relationship
dependent upon a complexity of factors.

Measurements of this type are more eas-
ily and accurately made than those involv-
ing biological material. The analyses and
interpretations, however, are no less dif-
ficult. Comparatively little is known of
the hydrology of limestone terrain, and no
other comprehensive investigations are in
progress to accumulate pertinent data. In
addition to the relationship of these data
to malaria, they also have important ap-
plications in the fields of agriculture,
water resources, and the science of
hydrology per se. It is hoped that by ex-
tending this program over a period of sev-
eral years, information may be obtained
concerﬂing the alleged cyclic variations
of malaria morbidity.

Extent of Hydrological Observations

The geographic extent of hydrological
observations was determined by the bound-
aries of the drainage basins in which the
investigations are conducted. (See map on
back cover). Stream gaging stations are

established on the major streams, and on
i

Gage House and V-notch Nier

Current Meter and Crane

many minor tributaries, at points where
sui table discharge measurements can be
made. Continuous water-level recorders
are installed in stilling wells. After
numerous stream discharge measurements
have been made, a "rating curve” is
constructed which shows the relationship
between height of water in the stream and
amount of water being discharged. With
these data it is possible to calculate the
run-off per unit land area, such as inches
per acre or square mile. The resulting
information may be applied to individual
rains, or annual, seasonal, and monthly
periods.



Precipitation

Water reaching the drainage basin as
rain is measured by precipitation gages
distributed over the area. Recording
gages measure the frequency and intensity
of rainfall. This is a very important
factor in analysis since heavy rains of
short duration effect torrential run-off
and donot add significantly to sub-surface
storage. It is necessary that rainfall be
measured at several points since there is
a wide variation in the amount recorded at
gages fairly close together. 1In the area
covered by the present observations there

is usually 10 inches variation in the max-

imum and minimum amounts recorded at dif-
ferent stations.

For the current investigation annual
figures are of little value since seasonal
conditions profoundly influence the amount
of rainfall which reaches ponds, streams,
or ground water. Rains during the "grow-
ing season” add very little to the ground
water increment or to ponds. On the other
hand rains which occur in other seasons,
when ground water is at its maximum height,
cause great increase in pond levels.

Ground Water

Ground water levels are measured at
numerous points over the entire area by
using observation wells especially con-
structed for this purpose. In the Experi-
mental Area much more intensive measure-
ments are made. From these observations
it is possible to follow closely changes
in the amount of subsurface water and to
anticipate levels in terms of subsequent
rainfall. Draughts during the growing
season cause great reductions in the amount
of stored ground water and consequently
reduce the amount available for surface
reservoirs, such as ponds. '

In some instances there is a loss of
ground water to the streams and under
other conditions streams flow into water
reservoirs. The map on the back cover il-
lustrates how such determinations are made.
The two large streams, Ichawaynotchaway
and Chickasawhatchee Creeks, are measured
before and after their convergence. Dif-
ference in the drainage areas of the lower
station and the combined area of the two

Recording Rain Gage

above, gives a small area where the amount
of water reaching and leaving it can be
determined and, hence, loss or gains in
surface discharge can be measured. Eva-
poration is of consideration in this con-
nection and installations are being made
to obtain this information.

Sur face Water

The amount of water remaining on the
surface in the form of ponded and swamp
areas is of primary concern in malaria in-
vestigations. The levels of these are
measured by stage gages or water level re-
corders. Bench levels have been run to
all measuring devices and all readings are
reduced to the same datum for easy compar-
ison. In some cases it is necessary to

éroﬁndwater Measurement akabservation Héli
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Contour Mapping of Pond
secure data on the actual volume of water
contained in the ponds. Where this is re-
quired accurate contour maps are made of
the ponds and their drainage areas.

From the information accumulated an ef-
fort is made to determine under what con-
ditions or combination of conditions suit-
able breeding places for Anopheles are
created. An intimate association exists
between the hydrological and biological
observations.

Conditions in the various drainage ba-
sins offer widely different types of situ-
ations. In one basin, large surface res-
ervoirs up to 600 acres in area are the
predominant feature. In another case,
spring fed streams are the source of most
of the run-off. Small intermittent streams
which depend entirely on surface or sub-
surface drainage are significant in ano-
ther area. All of these types are being
studied in the Field Station area.

In addition to these measurements which
are very closely interrelated, other ob-
servations are conducted in restricted
areas on a small scale. At some breeding
places a continuous record is kept of
atmospheric temperature and humidity.
When collections of such data are indi-
cated; continyous temperature records are
kept on breeding places. All of the data
which have been collected have a bearing
on many problems other than the primary
ones which have been indicated here. To
mention only one, the importance of sus-
tained Anopheles longevity is well known.
Measurements of precipitation and other
meteorological phenomena furnish informa-
tion as to the possibility of "quads" liv-
ing long enough to develop malaria infec-
tion.
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ACTIVITIES CONCERNED WITH THE EXTENDED
MALARIA PROGRAM

The backlog of data available from six
years of Field Station work provides an
ideal situation for evaluating operational
procedures on malaria control programs.
Observations will be conducted in three
different sections:

1. The present Experimental Area will
be used as an untreated check area.

2. North of the Experimental Area a
portion of Calhoun County will be
observed as an operations project,
since this area is included in the
Georgia Department of Public Health
residual spray program.

3. An area in Early County west of the
Experimental Area will be used for
experimental spraying procedures.
Complete premise spraying will be
done in some sections as well as
selective spraying.

All three sections are superficially
similar in regard to Anopheles breeding
and population density. Experimental
spraying will not be done in the Early
County area until adult and larval densi-
ties are appreciable and measurable in
order that a satisfactory evaluation can
be made.

An effort will be made in all three
areas tomeasure malaria rates and mosquito
population densities. Information will be
obtained on feeding habits of "quads"” in
the different areas by employing precipi-
tin tests. Marking techniques will be
used to compare activity and longevity in
the different sections.

SUMMARY

Activities at the Fmory University Field
Station are designed to investigate di-
verse but intimately related factors con-
cerned with the natural history of malaria
The data being collected will apply not
only to malaria but to other endemic di-
seases in the area.

The data accumulated in these areas
since 1939 provide a sound basis for eva-
luating the entomological phases of the
residual spray program.















